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ABSTRACT

Technology has long been held to contribute to economic growth through productivity
improvement, but early studies of information technology (1T) investments and economic
growth found no sgnificant relationship. Indeed, despite large I T investments, nationa
productivity growth in the United States declined in the 1970s and 1980s, leading someto call
the Situation a productivity paradox. The most persuasive theoretica explanation for the
paradox isthat I T investments generaly have been too smal a percentage of the inputs to the
economy to have measurable effect.

By the mid-nineties, however, IT investments had grown to 4-5% of GDPinthe U.S. and
many developed countries. Recent empirica studies a the company and country levels have
shown that information technology is positively related to corporate and national economic
performance. Analysis of datafrom 43 countries over 11 years presented in this paper, as well
as other recent analyses, show a pogitive and significant relationship between growth in IT
investments and growth in both GDP and labor productivity, even when controlling for growth
innortIT investments.  While none of the studies support the hypothesisthat 1T investment
might dramaticaly speed up development, they clearly show that peragtent, growing IT
investment does pay off for countries.

Thefact that investment in IT use can lead to economic payoffs has policy implications for
countries seeking to redize those payoffs. Many countries have focused on promoting I T
production rather than IT use. However, this anayss argues that there are gains to the whole
economy from investment in I T use as opposed to only asngle industry sector from IT
production. Moreover, there are sectors of the I T industry that are closely linked to local IT use,

gpecificaly the information services industry. These activities, referred to as "production close
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to use," not only help countries achieve effective use of I T, but they aso offer sgnificant
opportunities for developing locd 1T industries.

Policiesthat emphasize IT use and production close to use are likely to benefit developing
countries that otherwise might be left behind in the emerging information age. To redize these
benefits, countries need to develop national capabilities, in the form of human resources and
information infrastructure. An appropriate mix of short-term and long-term policiesis needed

to creste anationd environment in which payoffs from IT invesments can be achieved.
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INFORMATION TECHNOLOGY AND ECONOMIC DEVELOPMENT:
RESULTSAND POLICY IMPLICATIONS OF CROSS-COUNTRY STUDIES

INTRODUCTION

Information technology has become an omnipresent part of life in indudtrialized countries,
from PCsin offices to microcontrollersin cars and VCRs, from Slicon Vdley to Wall Street,
where fortunes are made from faster chips and better software. 'Y et there remains a nagging
doubt as to the true vaue thet is being redlized from the rgpid technological progress and
soaring invesmentsin IT. Dubbed the “productivity paradox,” the recurring question iswhy IT
seems to show up “everywhere but in the economic gatistics.” In other words, after spending
trillions of dollarson I'T, why have the U.S. and other developed countries remained mired in
relaively low productivity growth for the past two decades?

The question of the value of IT isin Some ways even more troubling for developing
countries. If it turnsout that IT istruly at the heart of the next great wave of innovation and
economic growth, developing countries risk being left out due to their relatively low levels of IT
investment, poor I T sKkills, and lack of infrastructure to support IT use. On the other hand, if
those countries try to develop those capabilities, they could be wasting very limited resources if
it turns out that 1 T-led productivity isachimera

Understandably, thereis agreat ded of debate among leadersin developing countries as
well asin the internationa devel opment community about the potentid for IT inimproving
productivity and spurring economic development. Countries such as Singapore, Tawan, |srad,
and Ireland have promoted production and/or use of computers as part of anationa economic
drategy, with notable results. Other countries at earlier stages of development, such as

Maaysa and Thalland have begun to implement nationd I T plansin hopes of achieving amilar
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success. Countries such as Brazil, Mexico, Turkey, the Philippines and Vietnam have
developed IT policies, but have only limited resources to put behind their plans. In many
developing countries, there is debate over whether resources should be diverted from other
needstoinvest in IT.

Among development agencies such as the International Monetary Fund and the World
Bank, there is likewise disagreement asto what role IT should play in various devel opment
projects. Some believe that there are strong payoffsfrom IT projects while others are skeptica
(Rahim and Pennings, 1987; APO, 1990; Mody and Dahlman, 1992). Similar concerns can no
doubt be found throughout the development community.

In order to inform the discussion and help guide nationa and internationa policies, thereis
agreat need for robust evidence asto the vaue of IT invetment. At onelevd, thereisthe
question asto whether IT pays off a al, even in developed countries. After dl the productivity
paradox was coined first in reference to the U.S. economy. The second question isthis Evenif
IT isagood invesment for developed countries, which have well-devel oped physica
infrastructures and educated workers, is it a good investment for developing countries, or should
they concentrate on more basic needs firgt? Findly, if IT investment does have the potentid for
promoting economic development, what factors determine whether or not those benefits will
actudly be redized in agiven country or region?

These are complex issues, and require a combination of detailed data andyss aswedl as
qudlitative andysis of the process of economic growth and development and what role I T can
play in that process. This paper reviews findings from past studies of returns on investment in

IT, and introduces findings from a new study that is the most comprehensive cross-country data
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andysis undertaken so far. The andysisisframed in a conceptua framework that draws both
on recent theories of economic growth and historica studies of innovation and development.
ECONOMIC GROWTH AND DEVELOPMENT

Technology and Economic Growth

Thereis agrowing consensus among economic growth theorists and devel opment
specidigs that technology innovation and diffusion can play acriticd rolein gimulating
economic growth and productivity. Early proponents of this view included Van Gelderen
(1913), Schumpeter (1939), Abramovitz (1956), Kendrick (1956) and Solow (1957). More
recently, economists such as Arthur (1994) and Romer (1990) have emphasi zed technological
innovation in explaining economic growth and productivity gains. Romer in particular argues
that economic growth and technologica change are inextricably linked. Firg, increased levels
of capitd and labor by themsalves can lead to economic growth, but without innovation, the
returns to incrementd increasesin capita and labor will diminish, and productivity gains will
be be limited or non-existent. Second, as technologica innovation is codified into indructions
such as software code or semiconductor designs, the diffusion of those ingtructions can result in
increasing returns to scae, as the average cost of such as set of ingtructions declines with each
new user. Thus, widespread technology diffusion creates the possibility for increasing returnsto
investment (Arthur, 1996).
IT and Economic Growth: DoesIT Pay Off?

We would expect to find sgnificant productivity gainsin economies with high levelsof IT
investment because I T has the characteristics described by Arthur (1996) as increasing returns
goods. IT products have high up-front development costs and low margina production costs.

IT innovations are largely captured in easily replicated sets of ingtructions such as



UNU Wider paper 2-99 7

semiconductors and software code. Also, they benefit from network externdities. This means
that as more people adopt a particular technology such asthe IBM/Wintel PC architecture, the
value to each user increases as more complementary assets become available (e.g. application
software and peripherals) and asit is possible to communicate and share information with other
users.

Notwithstanding these facts, there has been alively debate since the mid-1980s as to
whether invesmentsin IT do actudly pay off in increased productivity. Some researchers have
made a case for I'T-led development based on the notion that investmentsin IT can accderate
economic growth by enhancing worker productivity and increasing the returns to investment in
other capital goods (APO 1990; Mody and Dahlman, 1992; OECD, 1988, 1993). In addition,
the IT industry itsdf can be asource of economic growth and jobs. For these reasons,
investment in IT is believed to enhance nationa productivity and competitiveness, spurring
economic growth.

The Productivity Paradox

Such a conclusion was disputed by empirica research (Baily, 1986; Baily and Gordon,
1988; Loveman, 1988; Roach, 1987 and 1988; Strassman, 1997) showing that productivity
gainsfrom IT in the aggregate economy have been limited, despite the rapid improvement in
price-performance ratio of computers and heavy investment in IT. Thisargument was based in
part on the fact that the United States invested heavily in IT during the 1970s and 1980s, yet
productivity growth dowed during that period compared to the earlier post-war years. Andysts
such as Roach and Strassman have smply juxtaposed the dowdown in productivity growth

againg the dramatic increases in I'T spending over the same period and argued that I T has not
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resulted in the expected productivity improvements (Figure 1). This pattern of declining
productivity growth extends to other developed countries as well.
[Insert Figure 1 herel

The productivity paradox does not mean that I T is necessarily unproductive. On the
contrary, those authors who have written most about the paradox tend to stress the enormous
potential gains. But, Roach (1991), Strassman and others aso point out that the effective use of
IT isoften hampered by many socid and organizationd barriers.

Recent Firm Level Research

In recent years, severd studies have begun to find evidence of sgnificant payoffsfrom IT
investment at the firm level of andysis using different samples of Fortune 2000 companies.
Studies by Brynjolfsson and Hitt (1996), Dewan and Min (1997), and Lehr and Lichtenberg
(1997) in corporations, and by Lichtenberg (1995) in government agencies aswell as
corporations, show a high return on IT investment with the estimates ranging from gross rates of
return of 50% to over 100%.> Moreover, Brynjolfsson and Hitt argue that | T investments have
much gregter returns than investments in labor or other types of capitdl.

Stll, the fact that a certain set of companies show high returns to investment in I'T does not
mean that these gains are trandated into productivity improvement at the nationd level. 1t may
be, as argued by Daniel Sichd (1997), that the impacts are mostly redigtributiona with the gains
of some firms coming at the expense of their competitors. However, in agloba economy,
nations could benefit from IT invesment just by making their firms more competitive against
foreign firms. Thiswould suggest agloba zero-sum game, but with the potentid for
redistribution among nations. This prospect has seriousimplications for nationa policy because

it means that nation states can benefit by increasing thelr investmentsin IT use, while countries
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that fail to do so will only get further and further behind with negative consequences for their
economies. We will return to thisissue later when we discuss the policy implications of the
research.
EMPIRICAL RESEARCH AT THE COUNTRY LEVEL

The empirical research a the firm leve is encouraging, but not sufficient to answer the
productivity paradox. It isan issue articulated at the country level and therefore must be
addressed at that leve rather than just the firm level. Aggregeating firm level data does not
capture economy-wide effects. The firm level research only captures gains and losses of
indivdud firms--not net gains to the economy. In addition, the firm level research has focused
exclusvely on large corporations, and therefore might not be representative of the entire
economy. In addition, the firm leve research has focused on corporationsin the U.S. economy,
which may not be representative of other economies. Hence, it isimportant to conduct top-
down country-level andyses, and inter-country analyses. If the country level results are broadly
congstent with the firm leve findings, then this would boost confidence in those findings as
well as directly address the productivity paradox.
Framework for Comparison of Country-L evel Studies

We use the conceptual mode (Figure 2) developed in Kraemer and Dedrick (1994) asa
framework for new studies that have been undertaken with much larger databases than were
used in that paper. The framework posits a virtuous circle between I T investments and
economic factors. Thefirgt haf of the virtuous cirdle isillustrated by the economic factors that
drive IT investments nationa wedth, wage rates, I T infrastructure and the price/performance
of IT products.  Growing national wedlth provides the resources for investmentsin IT, both by

businesses and by households. Increases in wages provide a greater incentive for organizations
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(firms, governments) to invest in IT, ether to replace workers or to improve the productivity of
workers. The presence of a high quadity information infrastructure, in the form of
communications networks and skilled human resources increases the potentid vaue of 1T
investments and thus promotes such investments. Finaly, the ongoing improvementsin IT
price/performance encourages continued investment to take advantage of ever greater
capabilities of the technology &t lower and lower prices.

[Insert Figure 2 here)

The curved linesin Figure 2 illudrate the other haf of the virtuous circle, showing how IT
investments can lead to economic growth. Increased labor productivity means an economy can
support higher wages, which lead to increased personal income and consumption. Increased
capitd productivity supports higher returns on investments by organizations, and indirectly by
individud investors (e.g. sockholders). Thusagiven leve of capitd invesment can result in
higher returnsin the form of economic growth. IT use might dso have a negative effect by
leading to the dimination of jobs, but these losses should be compensated by new employment
created by economic growth. Also, new jobs are created directly inthe area of 1T use. These
include user support, software programming, system integration and maintenance. Increased IT
use aso creates new information-based business opportunities in the economy and inthe IT
indugtry itsdlf, especidly in production close to use such as information services, thereby
gimulaing additiona economic growth.

The key issue presented by the framework in Figure 2 iswhether I T investmentsresult in
improved national productivity, which is aso the crux of the productivity paradox. Itis
generdly expected that IT use will increase nationad productivity intwo ways. Firg, IT would

improve labor productivity directly by substituting for labor or improving the productivity of
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workers. Second, it has been expected that I T would improve capita productivity by
complementing other investments. The entire production system can be made more efficient
through the use of computers for planning and coordination of activities within the firm and
externdly with suppliers and customers. In manufacturing, Dell Computer iswell known for
using "information as a subgtitute for inventory™ throughout its value chain from inbound
logidtics through production to distribution (Kraemer, Dedrick and Y amashiro, 1998). Inthe
service sector, American Airlinesis able to better utilize assets such as airplanes, optimizing
both capacity and ticket prices on flights through the use of computerized reservation and yield
management systems. It isthis pervasive ability of IT to enhance the productivity of capitd and
labor throughout the economy that creetes the potentid for sgnificant improvements in nationa
productivity.

In summary, economic factorsand IT invesment are interrelated. On the one hand, the
remarkable price/performance improvementsin I T over the last 20 years have stimulated
companies and countries to invest morein IT use with the expectation of improved productivity
and economic growth. 1T use can in turn enhance productivity and stimulate the growth of 1T-
related indudtries, both of which will result in higher economic growth rates and better living
standards.

Recent Empirical Studies

Previous country level studies of the economic impacts of IT have focused on the
contribution of IT toward GDP growth using time series economy-level datafor asingle
country. A limitation of this approach isthat capital and labor tend to move together with each
other and with the scde of the economy, making it difficult to obtain rdiable and datisticaly

ggnificant results with asingle country. In order to minimize this problem and to draw
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meaningful conclusons about theimpact of IT investment at the country levd, it is necessary to
conduct empirica studies of multiple countries over time.

An important precursor to such cross-country analyses of 1T payoffs was an inter-country
andysis using a growth theory gpproach conducted by De Long and Summers (1991). The
authors assessed the impacts of investments in machinery and equipment (M& E), and compared
them to the impacts of investmentsin other types of capitd. They found that over the twenty-
five year period 1960-1985, each extra percent of GDP invested in M& E was associated with an
increase in GDP growth of one-third of a percentage point per year. Thiswas much stronger
than the relationship found with non-equipment capita, suggesting that M& E were more
productive than other capital. This paper provided abasisfor differentiating returnson
investment in different types of capitdl.

Thefirst andyss of IT investment across countries was conducted by Kraemer and Dedrick
(1994), who used data from 1984 to 1990 for twelve Asia-Pacific countries that represented
different levels of economic development. IT investment was defined astotal spending for
computer hardware, software and services within acountry. The study found a significant
relationship between growth ratesin IT investment and both productivity and economic growth
a the nationd level. Dueto the limited data involved, it was not possible to employ more
sophigticated models that would control for the impacts of other variables. The study did,
however, identify severa factors that were strongly correlated with levels of 1T investmernt,
consstent with the modd presented in Figure 2. These factors include wedlth (GDP per capita),
educetion leves, structure of the economy (share of employment in the service sector), and

leve of IT infrastructure (telephone lines’200 people).
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A recent and comprehensive inter-country study by Dewan and Kraemer (1998) uses
production function analysis with data from 36 countries for the period 1985-1993. The
variablesused in the andyssinclude: 1T capitd (defined as computer hardware, data
communications, software and services), non-IT capita, labor (in billions of worker hours), and
GDP per worker hour. Currency conversions are based on purchasing power parity, and capital
(both IT and nor-1T) is measured as stocks. Results are presented for the entire sample and for
subsamples of developed and developing countries, both cross-sectiondly and over time,

The andyses show that the returnson IT investment are positive and significant for
developed countries, but not Satigticaly significant for developing economies. The estimate of
IT output eadticity is 0.036 (postive and sgnificant) for developed countries, but Satisticaly
indistinguishable from O for developing countries (Table 1).2

[Insert Table 1 herel

These findings challenge the productivity paradox by showing that IT makes a postive
contribution to the economies of developed countries. A possible explanation for the substantial
contributions in developed countriesis that new I T investments in developed countries can
leverage off complementary investmentsin I T infrastructure, human capitd, and information-
oriented business processes, aswell asearlier IT investments, to amplify the payoffsfrom IT. It
islikdy thet theimpact of IT must be attributable to the entire "system” of complementary
investments, as opposed to IT done. Accordingly, one explanation for the lack of significant
returns on investmentsin lesser developed countriesis the relative scarcity of IT infrastructure
and other endbling investments. 1t may aso be amply that investment levelsin IT aretoo smal

to have a measurable impact on GDP.
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New Empirical Research

For this paper, we have conducted new research that extends the approach used in Kraemer
and Dedrick (1994) intwo ways. Firgt, we extend the earlier empirica analyss of Ada-Peacific
countries with alarger sample of countries over alonger time period. Second, we use a growth
theory approach to the same sample.

The extended empirical andlyss correaes growth ratesin I'T investment with labor
productivity growth for 43 countries from 1985 to 1995. With this much larger sample, we are
able to produce more robust findings than in the earlier study and aso control for growth in
non-1T investment, aswell as labor force growth and initiad GDP per capita. Instead of smply
measuring total I'T and non-1T investment growth, however, we have chosen to use IT and nor
IT investment per worker asthe independent variables. Conceptualy, this makes sense because
the dependent variable is growth in GDP per worker, and we are thus measuring the capital
investment in the same terms. Initial GDP per capitaisincluded in order to control for the
possihility that poorer countries will inherently tend to have higher or lower growth rates.

Labor force growth isincluded to control for the possible decline in productivity as new,
inexperienced workers enter the labor force. The formulais asfollows:

Growth in GDP/worker = f(GDP/capita 1985, Labor force growth 85-95, growthin IT

investment per worker 85-95, growth in non-1T investment per worker 85-95)

The aggregate sample data are presented in Table 2, dong with afigure plotting IT growth
rates and GDP growth rates (Figure 3).

[Insert Table 2 and Figure 3 herg]

Sources of data are as follows:
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Growth in IT investment per worker--Calculated from data provided by IDC on totd IT
spending by country from 1985-1995, divided by number of workers, from the International
Labor Organization's Yearbook of Labor Statistics (1997).

Growth in non-IT investment per worker--Calculated by subtracting I'T spending from tota

gross fixed investment, from the World Bank's World Devel opment Indicators (1997),

divided by number of workers.

Initidl GDP per capita--World Development Indicators

Growth in labor force-- Internationa Labor Organization (1997).

Labor productivity growth-- Caculated from GDP growth rates and growth ratesin total

[abor force.

The satigtical andysis regresses growth in I'T spending per worker, growth in non-1T
spending per worker, labor force growth, and GDP per capitain 1985 againgt the dependent
variable labor productivity growth over the 1985-95 period. The results are shown in Table 3.

[Insert Table 3 here]
The results of the andysis show the following:

Growth in IT spending/worker is Sgnificantly corrdated (at the 10 per cent level) with labor

productivity growth, even when controlling for the other factors. Figure 4 showsthe partia

regression of growth in IT spending/worker and GDP/worker growth .

Growth in non-IT spending/worker is likewise corrdated with productivity growth, and the

relationship is stronger than for IT spending. The coefficients and t-stats for non-IT growth

are much higher than for IT growth.



UNU Wider paper 2-99 16

When dl four independent variables are included, non-1T investment is the dominant factor,
but even controlling for non-IT investment, growth in IT invesment is ill pogtively and
sgnificantly related to both dependent variables.

[Insert Figure 4 here)

Thefact that non-1T investment growth is the more important factor related to productivity
growth is not surprising, as the size of nontIT invesments dwarfs IT investmentsin al
countries. Infact, as Table 2 shows, theratio of IT to total investment in 1995 ranged across
countries from 1.6% to 19.4%. However, it is noteworthy that even after controlling for
differencesin non-IT investments, growth in IT investment was il Sgnificantly corrdated
with productivity growth.

In asecond extension of the andysis, we applied a growth theory approach as developed by
Solow (1957), and applied by Del_ong and Summers (1991) in their andlysis of equipment and
non-equipment investments and productivity growth. Here, the independent variablesfor IT
and non-IT investment are no longer growth in spending, but total spending as a share of GDP.
Therelationship is asfollows:

Growth in GDP per worker = f(GDP/capita 1985, labor force growth 85-95,

IT/GDP, non-IT/GDP).

Weran alinear regresson using dl countries, with results shown in Table 4 and Figure 4.
These results show a positive, sgnificant reationship between non-1T/GDP and productivity
growth, but no rdationship for IT/GDP. Thus, unlike the production function analyssin
Dewan and Kraemer (1998), but consistent with Pohjola (this volume), a growth theory
approach does not find a significant relationship between IT investment and productivity.

[Insert Table 4 and Figure 4 here]



UNU Wider paper 2-99 17

Based on the findings above, and on Dewan and Kraemer (1998), we find mixed evidence
about returnsto I T invesment at the nationd levd:
= Basad on IT/worker, the relationship between IT and productivity is positive and significant
= Basad on agrowth theory andysss, there is not a significant relationship.
= Basad on production function analys's, developed countries show strong evidence of payoffs

from IT investment, while for developing countries there is no conclusive evidence.

* Returnsto nontIT invesiment are positive and significant regardless of the mode applied.

The lack of impact of IT investment in growth theory modds is probably due to two
factors. Fird, levesof IT investment are smal relative to non-1T investment, as suggested by
Sichel (1997). Only when IT accounts for alarger share of totd investment are we likely to see
daidicaly sgnificant rdationships.

Second, growth theory approaches are likely to require longer time series than were
avalablefor this anadyds (1985-1995), in order to smooth out the effects of the business cycle.
The growth theory andysis by Pohjola (this volume) is based on data from 1989-1996, which
might have an impact on those resultsaswell. By contrast, Del_ong and Summers (1991) use
data from 1960-1985 to show the impact of equipment investment.

It isunlikely that any particular empirica study will produce the incontrovertible proof of
the payoffs from investmentsin IT and slence dl of the keptics  Rather it isthe cumuletive
evidence from a number of sudies, using different methodologies and different data sets, thet is
building a stronger case for the value of IT. Even the findings above based on growth rates of
IT spending per worker, which includes data from 43 countries over 11 years, isfar more
convincing than the circumstantial evidence upon which the productivity paradox wasinitialy

based (e.g., Figure 1).
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Findly, and suggestive of what future andyses might hold, Dewan and Kraemer's most
recent andyss (Dewan and Kraemer, forthcoming) shows that the long term effects (Table 2,
column 3) of IT across countries are greater than the cross-sectiona effects. The year by year
regressions from 1985-1993 (Figure 5) show that the returns from IT are increasing over time
for developed countries.  Moreover, they show the same pattern for developing countries after
1989 (though not the same magnitude). Thus, it appears that the important question for the
future is not so much whether IT investments pay off on average, but what factors determine the
vaueof IT a the nationd level, and what policies creste the conditions under which the payoffs
can beredized. We turn to this question next.

[Insert Figure 5 here)
IMPLICATIONSFOR NATIONAL POLICY
Payoffsfrom IT use

The evidence of empirical research showsthat invesmentsin IT use are corrdated with
increased productivity and economic growth for countries, and that the relationship is clearest
for developed countries. They have invested in IT over along period of time, have accumulated
asubstantid ingtdled base, and have achieved positive and significant returns to I T. They adso
have made complementary investments in telecommunications and human resources which
enable them to achieve these positive returns.

Thelogic of IT returnsfor lesser developed countriesis the same as for the devel oped
countries. However, because these investments are small relative to total GDP, the I T impact is
less obviousin some studies. The fact that a particular andlysis does not find a significant
contribution of IT in developing countries does not mean that developing countries should shy

away from IT investments. On the contrary, it is possble that there is some threshold of I T
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investments, or experience in use, that must be reached before these investments are
measurable, or become as productive as non-1T invesments.

Thelogic of technology use suggests that even widespread diffuson of new technology in a
country is not necessaxily sufficient for the benefits to be achieved. The recipient country must
have the right environmenta conditions, such as basic infrastructure, business practices and
government policy, which reinforce the technology's deployment. Historica studies of
countries that have been particularly successful indicate that such policies include promotion of
computer use, promotion of education generaly and of computer professonas in particular,
enactment of low taxes and tariffs on computer imports, and telecommunications liberdization
to lower costs (Dedrick, Goodman and Kraemer, 1995; Dedrick, Kraemer and Choi, 1996;
Kraemer, et d., 1996).

Theimplication of these resultsis that developing countries can benefit by promoting I T use
and creating the environmentd conditions needed to support effective use. Thisisan especidly
sgnificant conclusion because many developing countries policies now promote I T production
over use. However, thisresearch on IT use and related research on computer production
(Dedrick and Kraemer, 1998) suggest that the economy-wide benefits from IT use are likely to
outweigh the benefits from production, which are limited to just one segment of the economy.
The importance of IT use is becoming amplified by the process of economic globdization,
which puts a premium on information and communications systems as the means to achieve
linkages to international markets and globa production networks.

Globalization, IT useand productivity
Participation in the globa economy is seen by more and more countries as a path to

€C0NoMIC SUCCESS, in contrast to the emphasis placed on nationd sdlf-aufficency by many
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developing countries in past decades. Countries that had previoudy pursued protectionist
drategies to nurture indudtrialization, such as China, Brazil and India, have lowered barriersto
trade and foreign investment, and are privatizing and deregulating important industry sectors.
Meanwhile, multinational corporations are looking increasingly to developing countries for new
markets and low cost production sites, creating new opportunities for those countries to
participate in the globa economy.

The potentia benefits of globalization to developing economies are greet, including access
to capita, markets and technology. Countries such as Singapore, Tawan, Thailland, Maaysa
and Irdland have achieved rapid growth and development through outward-looking economic
dtrategies, often in partnership with MNCs. However, the benefits are not automatic, and there
are codtsto liberdization aso. Domestic companies can be destroyed by foreign competition at
home, and MNCs may smply import goods to the local market without producing, exporting, or
bringing in any technology. And if they do produce and export, they may only perform the
lowest value assembly work, creeting jobs with very low pay and sometimes poor working
conditions.

In order to benefit from globdization, and from foreign competition in the domestic market,
developing countries need to establish competitive capabilities beyond cheap labor. These can
take the form of educated workers, high qudity infrastructure, local R& D capabilities, and
strong entrepreneuria skills. Another competitive advantage is the ability to use IT effectively.
When markets are opened up, domestic companies face competition from MNCswho bring in
the most advanced information systems. In order to compete, domestic firms can develop
partnerships with those MNCs to gain access to the technology, as a number of Mexican and

Brazilian banks and retalers have done in recent years. They can work with leading
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information services providersin order to develop their own systems, or in some cases they may
decide to outsource their information systems altogether. Whatever drategy is used, staying
competitive requires investmentsin I'T to develop world class information systems.

In addition to staying competitive in the domestic market, companies that make these
investments are a o setting the stage for competing in international markets. The globa
production networks of many industries (e.g., PCs, semiconductors, automobiles) are moving
quickly to integrate the entire supply chain eectronicaly. Electronic datainterchange was a
firgt step, but now MNCs are linking their design, procurement, manufacturing, logistics and
marketing through Internet-based technologies. Even low-technology industries such as textiles
and footwear are following suit. Internet commerce will make it possible for even smdl
companiesin remote locations to market their products and services around the world.
Companies and countries that hope to participate in these production networks will need
sophidticated I'T skills and good information infrastructures. Those that have made the
investments and devel oped the capabilities will benefit from globdization, while others will be
left out.

Production vs. use

Theforegoing andyses of the payoffs from IT investment have focused ontheuse of IT asa
productivity tool throughout the economy. There are dso bendfits a the nationd leve from
locd production of computer hardware, software and services. In fact the benefits from
production are often more visible than those from use. The benefits from production include
jobs ranging from unskilled assembly to highly skilled design and engineering. They dso
include participation in adynamic, high-growth industry with strong export potentia and

cregtion of nationd technologica capahilities.
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Evidence of the value of IT production in the United States has recently been documented in
a 1998 report by the U.S. Department of Commerce. The report estimates that I T industries
(computer hardware, software and services, communications equipment and services) accounted
for 7.5% of the U.S. economy and 15.8% of GDP growth in 1996. When adjusted for faling
prices, the contribution is estimated to be even greater, accounting for 34.7% of GDP growth in
1996. It isdso argued that IT production contributes to lower inflation rates, snce agrowing
share of economic output isin an industry marked by rapidly faling prices. The report argues
that actud inflation, which was 2.0% in 1997, would have been 3.1% without the effect of the
IT industry’ sdeclining prices. Findly, the IT industry, including telecommunications,
employed 7.4 million workersin 1996 (6.2% of tota employment), with an average annua
wage of $45,737, compared to $28,000 for all private employees.

Outsde the U.S.,, other countries have had equaly impressive results from IT production.
The T industry isamgor source of economic output, exports and jobs in countries such as
Japan, Tawan, Singapore, Hong Kong, China, Korea, and Irdland, thanks mainly to
opportunities crested in the PC hardware industry beginning in the early 1980s (Dedrick and
Kraemer, 1998). Countries such as India, China and the Philippines are d o finding
opportunitiesin the software industry thanks to large supplies of programmers. It is not
surprising that policymakers are attracted by the possbility of developing national computer
indudtries, and that many developing countries (e.g., Brazil, Mexico, Maaysia, Thailand and
China) have used various policy tools to encourage invesment in I T production.

Credting aloca IT industry is not a smple matter, however, especidly for newcomersto the
industry. While anumber of new countries entered the industry during the PC revolution of the

1980s, other countries such as Brazil and Mexico had little success, and some earlier industry
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participants, including many European countries, were squeezed out. Even Japan and Korea
have had limited success in computers (as opposed to components) outside their own markets.

If anything, the opportunities for newcomers are more limited today. Industry segments
such as microprocessors, operating systems and packaged business gpplications are virtualy
closed off because the standards are set by the leading playersin the IT industry, mainly U.S,
companies such as Intel and Microsoft. Other segments of the hardware industry require large
capita investments, economies of scale, and speciaized skills that few countries can hopeto
achieve. Moreover, many of these opportunities have already been preempted by earlier
entrants such as Singapore, Hong Kong, Korea, Taiwan, Irdland and Israd. Only a newcomer
with alarge domestic market and proximity to an existing supplier baseislikely to enter these
indugtry segments. Chinais doing so by negotiating with multinationas for production and
technology transfer in return for market access. It aso happens to be located near the vast
supply chain that spans East Asa. Some countries are offering expensive incentives to attract
foreign investment in hardware production, but it is questionable whether they can catch up at
thispoint. And even if they are successful in dtracting foreign investment, the resulting
indugtry islikdly to have limited value added and few opportunities for loca companiesto
participate.

Finaly, production benefits only one industry sector—the I T sector, while I'T use can
benefit dl industry sectors. Soif loca production is promoted at the expense of domestic users,
for example through import barriers thet raise prices, the bargain is probably a bad one for the
economy as awhole. Given the choice between promoting production or use, we would argue
for use, especidly in countries that are not aready part of the global production network of the

computer industry. Fortunately, however, the choice does not have to be so stark in most cases.
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In fact, thereisapolicy option that smultaneoudy encourages I T use while dso creating
opportunities to develop alocal industry—that is, production close to use.
Production closeto use

Most national policiesto promote computer production have focused on hardware, which is
the most tangible segment of the industry. However, the fastest growing segments of the
computer industry for over a decade have been software and services (Table 5.)

[Insert Table 5 herel
The software and services industries offer some specific advantages over hardware production.
Firgt, while some parts of the software industry are dominated by multinationds, there are il
many opportunities to develop niche products without competing directly with Microsoft,
Oracle, SAP and other large companies. These can be products devel oped for loca markets that
meet the needs of local language, culture and business environments. The services business
offers even more compelling opportunities, as services usudly must be provided localy rather
than being imported. They aso require continuous interaction between loca users and
providers, and can benefit users aswell as providers, helping countries redize the payoffs from
IT use.

Figure 6 shows how information services such as systems integration, outsourcing and
network services can serve as alink between production and use. These linkages can help locd
users gpply the technology more effectively, and can creete business and employment
opportunities for loca people in developing countries. These businesses are especidly
appropriate for developing countries because there are lower entry costs, so local companies can
gart smdl and grow a a pace that is supportable by their own finances and capabilities.

[Insert Figure 6 herel
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All of this does not mean that developing countries cannot participate in the hardware
industry. In fact, as PC companies move toward build-to-order production, there are new
opportunities for countries that have, or are close to, large markets. Those countries then may
be able to attract suppliers to support PC production and creste a competitive industry cluster
for IT production. But even those countries should not be so focused on hardware that they
ignore the great potentia of software and services. Countriesjust trying to enter the industry
with limited resources to invest should look carefully a whether efforts to promote hardware
production would have the same payoffs as promotion of IT use and production close to use.
Development Strategies

Effective nationd drategies to redlize the benefits of information technology need to cover
three areas. promoting use, promoting production, and developing netiona capabilities. These
policies are much more effective when they are closdy coordinated and receive support from
the highest levels of government, asis the case in Singapore and Taiwan, rather than becoming
the object of interagency struggles for power and resources, as in Japan, Korea and many other
countries (Dedrick and Kraemer, 1998). They will dso be more effective when developed in
close conaultation with the private sector, including both loca and multinationd firms, and with
domestic and foreign experts from academia and industry.

Promoting Use

One of the best waysto promote I T use isto not create barriersto use. Any government
policy that makes computers more expensive will discourage use and reduce the possible
benefitsof IT. Simply lowering tariffs and taxes, diminating other trade barriers, and
encouraging competition in digtribution channds will help promote use as much as any specific

efforts to encourage use.
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Governments can do more than just get out of the way, however. Onething they candois
to become sophidticated IT usersthemsdves. The key hereisnot just spending alot on IT, but
actualy developing advanced gpplications of the technology and becoming a model for the
private sector. Many government bodies are now setting up web sites where citizens can get
information about services, download forms, gather data, and communicate with officids.
Governments can encourage use of these services by providing Internet accessin libraries,
schools and other public facilities. A further stepisto alow (or in Singapore' s case, require)
companies to transact business with the government eectronicaly. This can involve things
such astax filings, customs documents, and permit applications. Another important way to
promote use is through the schools. Putting computers and Internet accessin school rooms,
providing necessary support services and training teachersin the use of 1T in the class room can
not only improve education, but it crestes a new generation of children who are comfortable
with using the technology.

Thereisagreet ded of room for countries to find innovative uses for information
technologies that fit their own Stuations. Applications such as geographica information
systems can help countries protect natura resources and plan for growth. Distant learning by
satelliteisaway of supporting education in countries with remote rura populations. CD-ROMs
can be used to archive nationd treasures and make them available throughout the country and
abroad. Setting up local telecommuting centers can help reduce traffic in congested cities.
Governments can provide resources to develop and deploy such gpplications, and can amplify
their impacts by working with the private sector. In some cases, such gpplications can be turned

into commercia products for domestic and even internationd markets.
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There are other more controversia issues that bear directly ontheuse of IT. Oneisthe
desre of governments to control the type of information available to citizens. Countries as
diverse asthe U.S., Germany, China, France and Singapore have all tried to place restrictions on
access to content, whether pornography, anti-government informetion, or foreign language
content. Whether the desireis to protect children, preserve nationd culture, prevent terrorism or
squash political opposition, policies that limit access to information will discourage use of the
technology, especidly as the Internet becomes a globa medium for both information and
commerce. Other concernsinclude privacy, accessrights, and intellectual property rights.
Information technology can clearly provide great benefits, but its effects can dso be
destabilizing to governments, businesses and other established regimes, and these issues cannot
be ignored if countries hope to achieve the benefits of IT use.

Promoting production closeto use

Most devel oping countries should focus on production close to use, and avoid the
temptation to invest heavily in cregting a hardware indudtry. If acountry is not srategicaly
located near a mgjor market and supplier base, it has little chance to compete in hardware. Even
for those few countries, the prospects of success might be quite limited due to the locked-in
position of exigting producers, who have developed specific capabilities and infrastructure
needed for specific industry sectors, such as Singaporein disk drives, Koreain DRAMs and
Tawan in PCs and peripheras.

A more interesting proposition is how countries can promote production closeto use. There
are fewer obvious cases of successful government policiesin this areg, asit is only recently that
some countries have started to promote software and services production. Also, most previous

academic research on the computer industry has emphasized computer hardware or eectronics
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more broadly. Only afew studies such as Schware (1992) and Carme (1995, 1997) have
focused on the software industry. Perhaps the most vauable contribution to this areais
Schware's notion of "walking on two legs' which argues that countries should target production
and use in tandem, focusing on the interaction between production and use in the software and
services industries.
Schware's argument, which is expanded upon in Dedrick and Kraemer (1998) and in Figure
6, isthat the interaction between producers and usersis critica to the development of certain
types of software and information services. The question iswhat types of policies can facilitate
this interaction and provide resources needed by loca companies to participate in these markets.
Some recommendations are as follows:
Promote small business IT use. A growing, sophisticated user base is the best resource for
software and services companies. In particular, smdler vendors benefit from use by small
businesses, who traditiondly turn to those vendors to set up and maintain systems and
networks, design web pages, provide Internet services, and design custom software to solve
gpecific problems. An example of a policy to promote smal business use and help loca
developers can be seen in Taiwan, where the government is helping software companies
develop applications for smal businesses such as restaurants and bicycle shops, which often
have multiple outlets. 1t is hoped that these gpplications can be eventualy sold around the
country and to Chinese language markets around the world.
Provide financid support. Software and services companies often fail to survive even when
they have good people and technology smply because they are starved for capitd. Very
few countries have well-devel oped venture capital markets or over-the-counter stock

exchanges, and developing countries do not have many wedthy "angds' who are familiar
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with the industry and willing to fund startups. Governments can provide or guarantee low-
interest loans in relatively smal amounts that are appropriate for small companies. They
can dso provide direct grants to promising companies. In both cases, the key is having the
capability to make sound judgments about the companies business plans, management
skills, and market prospects.
Encourage partnerships between loca firms and multinationds. One of the best ways for
local firmsto get established is to operate as subcontractors for multinational corporations.
Locd firms are often used for software |localization and maintenance, product support,
marketing, and other services. Working with world class companies helps develop the skills
and knowledge needed to grow and compete, and also can provide ardiable revenue base to
support that growth. Governments can offer incentives to multinationals to participate in
partnership programs, and aso provide resources directly.
Developing capabilities
In order to support both IT use and production, countries need to develop capailitiesin the
form of human resources, information infrastructure, R& D, and busness kills. At onelevd,
there isaneed to develop abroad base of basic capabilities, such asraising the leve of
educetion for the population as awhole, and putting in transportation and tel ecommunications
infrastructure throughout the country. In the long run, IT will benefit developing countriesto
the extent that they can achieve the widest possible diffuson of the technology, and cregte the
broadest base of capabilities to support IT use and production close to use.
On the other hand, there is dso a need to make focused investmentsin high level
cgpabilities, especidly in the short term. Thisincludestraining IT professonds, including

computer scientists and engineers, €ectronics engineers, programmers and andysts, and
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management information systems specidists. A cadre of such highly skilled professionas can
serve as a conduit to bring leading technologies into a country and facilitate the loca production
and use of IT. The benefits of computers in schools, businesses and government cannot be
redlized without people who understand the technology and can adapt it to the needs of local
users. Likewise, cregtion of aloca 1T indudtry isimpossible without engineers and other
professionals to develop products and services and techologicaly savvy business people to Sart
and manage I T companies.

Thereisadso aneed to invest in specidized information infrastructure, such as high-speed
Internet backbones and satdllite uplinks to alow researchers and business people to have access
to the most advanced globa information networks. For instance, India has created a high-speed
network in the Bangaore area, complete with satellite uplinks, to support the fast-growing
software indudtry in that region. Some Caribbean countries have aso developed high-speed
connectionsto the U.S,, which are used for remote data processing, cal centers and other
information services.

These investments in speciaized kills and infrastructure may initidly compete for funding
with other priorities such as basic education and infrastructure. One argument for diverting
some funds to such focused investments is thet those investments will creste the seed for
building broader capabilities. For instance, people who receive advanced degrees in science and
technology can serve as teachers and professorsin local schools and universities and pass on
their knowledge to large numbers of students. They can dso start new businesses, or help
manage exiting businesses, that create loca employment. Advanced information networks can
adso serve asacore for Internet diffuson, by creeting the high-speed backbones and

internationa connections needed for genera purpose access.
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As mentioned above, one way that countries can support some of these focused initiativesis
through partnerships with multinationa corporations. These partnerships can provide funding,
but more importantly they provide access to advanced knowledge and technology. The
Singapore government has specidized in such partnerships, with companies such asIBM,
Apple, Semens and Texas Instruments, as well as with some foreign government ingtitutions.
Tawan worked with MNCs and foreign experts to build government research labs and create
companies to spin off technologies developed in those labs.

Private sector partnerships and joint ventures can aso help develop capabilities, asin the
case of Mexican banks that are entering joint ventures with U.S. banks and gaining accessto
their knowledge of how to build and use information systems.  Such relationships not only bring
in technology, but they give loca people the chance to work with outside experts, sometimes by
travelling abroad for training and work experience. When combined with graduate education in
leading U.S. and European universties, this experience provides loca professondswith both
new knowledge and new perspectives on the globa economy.

CONCLUSIONS

Empirica research on a broad cross-section of countries provides strong evidence that
investments in information technology do pay off in greater economic growth and productivity.
These findings should encourage devel oping countries to promote I T investment and to develop
the human resources and infrastructure needed to support effective use of the technology.
Building upon earlier studies a both the company and country leve, this research further
chalenges the productivity paradox by refuting the basic claim that thereis no correlation

between I'T spending and productivity growth.
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As countries ook at how they can redlize the potentia benefits of I T, they need to weigh the
vaue of promoting IT production and use. While there are good opportunities to be found as a
producer in such afast growing industry, many segments of the industry are dominated by
powerful incumbants and present very high entry barriers to newcomers. Attempting to enter
such segments through protectionist policiesis unlikely to succeed, and will exact a high cost
to users by raising prices for IT. Other policies such as providing financia incentivesto
producers might be more successful, but in many cases developing countries get little more than
low vaue assembly operationsin return for cogily incertives. A few new countries might bresk
into high volume hardware production, but most smply don’t have the resources.

Fortunately, there is a segment of the industry that presents good opportunities for
developing countries, while dso helping to support better use of IT. This segment, which
conssts of services and specidized software, is actualy the fastest growing part of the industry,
and offers many openings for smal niche players. Some of these niches might eventudly grow
into large markets, and those smdl players can develop globaly competitive products and
services. Such production close to useisagood fit for many developing countries, offering
business opportunities for local firms and jobs for skilled IT professonas who might otherwise
have to go abroad to use their skills. The most effective policies for developing countries are
those that promote use and production close to use, and those that build national capabilities. If
these policies are developed in close consultation with the private sector and academic
ingtitutions, and if the efforts of related government agencies can be coordinated so that they
complement, rather than compete with each other, the result can be argpid diffusion of the

technology, with broad benefits for the country.



UNU Wider paper 2-99 33

REFERENCES

Abramovitz, Moses (1956), "Resource and Output Trendsin the United States Since 1870." American
Economic Review 46(2): 5-23.

APO (1990), Information Technology-Led Devel opment, Tokyo: Asan Productivity Organization
(APO).

Arthur, W. Brian (1996), "Increasing returns and the new world of business" Harvard Business
Review. July-August: 100-109.

Arthur, W. Brian (1994), Increasing Returns and Path Dependence in the Economy. Ann Arbor:
University of Michigan Press.

Baly, Martin N. (1986), "What has happened to productivity growth?' Science, 234(4775),
October: 443-451.

Baily, Martin N., and Robert J. Gordon (1988), " The productivity dowdown, measurement
issues and the explosion of computer power," Brookings Papers on Economic Activity, Vol.
2: 347-420.

Brynjolfsson, E. and Hitt, L. (1996), “Paradox Lost? Firm-Leve Evidence on the Returnsto
Information Systems Spending,” Management Science, 42(4), April: 541-558.

Carmd, Erran (1997), “ American hegemony in packaged software trade and the ‘ culture of
software” The Information Society, 13(1): 125-142.

Carmd, Erran (1995), “Entrepreneurid technologists may have the upper hand in globa
software competition,” Research-Technology Management, 38(6): 10-11.

Dedrick, Jason, and Kenneth L. Kraemer (1998), Asia’s Computer Challenge: Threat or

Opyportunity for the United States and the World? New York: Oxford University Press.



UNU Wider paper 2-99 A

Dedrick, Jason , Kraemer, Kenneth L. & Choi, Dae-Won (1995), "Korean indugtrid policy a a
crossoads. The case of information technology, Journal of Asian Business, 11(4): 1-33.

Dedrick, Jason, Goodman, Seymour E. & Kraemer, Kenneth L. (1995). “Little engines that
could: Computing in smdl, energetic countries” Communications of the ACM, 38(5): 21-
26.

Deong, J. Bradford and Lawrence H. Summers (1991). “Equipment Investment and Economic
Growth,” Quarterly Journal of Economics, 106(2), May: 445-503.

Dewan, Sanjeev, and Kraemer, Kenneth L. (1988), "International Dimensions of the
Productivity Paradox,” Communications of the ACM, 41(8), August: 56-62.

Dewan, Sanjeev, and Kraemer, Kenneth L. (forthcoming), “Information Technology and
Productivity: Evidence from Country Level Data,” Management Science, specid issue on
"The Information Industries.”

Dewan, Sanjeev. and Min, Chung-ki (1997), “The Subdtitution of Information Technology for
Other Factors of Production: A Firm Level Andyss” Management Science, 43(12),
December: 1660-1675.

Kendrick, John W. (1956). "Productivity Trends. Capita and Labor." Review of Economics
and Statistics, 38:248-57.

Kraemer, Kenneth L. and Jason Dedrick (1994). "Payoffs from Investment in Information
Technology: Lessons from the Asia-Pecific Region,” World Development, 22(12): 1921-
1931.

Kraemer, Kenneth. L., Dedrick, Jason., Hwang, C.Y., & Tu, T.C. (1996). Entrepreneurship,
flexibility and policy coordingtion: Taiwan's information technology industry. The

Information Society, 12(2): 215-249.



UNU Wider paper 2-99 35

Kraemer, K.L., J. Dedrick and S. Y amashiro (1998), “ Refining and Extending the Business
Mode with Information Technology: Dell Computer Corporation,” Center for Research on
Information Technology and Organizations, Universty of Cdifornia, Irvine.

Lehr, B. and Lichtenberg, F. R. (1997)," Information Technology and Its Impact on Firm-leve
Productivity: Evidence from Government and Private Data Sources, 1977-1993," Working
Paper, Graduate School of Business, Columbia University.

Lichtenberg, Frank R. (1995), “The Output Contributions of Computer Equipment and
Personnd: A Firm Levd Andyss” Economic Innovations and New Technology, 3: 201-
217.

Loveman, Gary W. (1988), "An assessment of the productivity impact of information
technologies,” Working Paper No. 88-054, Cambridge, MA: Management in the 1990s
Project, MIT Sloan School.

Mody, Ashoka, and Carl Dahlman (1992), "Performance and potentid of information

technology: an internationa perspective” World Development, Vol. 20, No.12: 1703-1719.

OECD (1988), New Technologiesin the 1990s. A Socio-Economic Strategy, Paris
Organization for Economic Cooperation and Development (OECD).

OECD (1993), Usage Indicators. A New Foundation for Information Technology Policies,
Paris. Organization for Economic Cooperation and Development (OECD).

Pohjola, M (this volume), “Information Technology and Economic Growth: A Cross-Country
Andyss”

Rahim, SA., and Pennings, A.J.(1987), Computerization and Development in Southeast Asia,

Singgpore:. Asian Mass Communications Research and Information Center.



UNU Wider paper 2-99 36

Roach, Steven (1987), "Americastechnology dilemma: a profile of the information economy,”
New York: Morgan Stanley.

Roach, Steven (1988), "White-collar productivity: aglimmer of hope?' New York: Morgan
Sanley.

Roach, Steven (1991), “ Services Under Siege - The Redtructuring Imperative,” Harvard
Business Review, 68 (September-October): 82-91.

Romer, Paul M (1990), "Endogenous Technological Change,” Journal of Political Economy,

98:5, part 2. Reprinted in Buchanan, James M. and Yong J. Y oon (eds.) The Return to
Increasing Returns.” Ann Arbor: Universty of Michigan Press. 287-318.

Schumpeter, Joseph S. (1939), Business Cycles: A Theoretical, Historical and Satistical Analysis of
the Capitalist Process. New York: McGraw Hill.

Sichd, D.E. (1997), The Computer Revolution: An Economic Per spective, Brookings Inditution
Press, Washington D.C..

Solow, Robert M. (1957), "Technica Progress and the Aggregate Production Function.”

Review of Economics and Statistics, 39: 312-20.

Strassman, Paul (1997), “Computers are Y et to Make Companies More Productive,” Computerworld,
September 15.

U.S. Department of Commerce (1998), “The Emerging Digitd Economy: Appendix 1, Information
Technology Industries—Of Growing Importance to the Economy and Jobs.” Washington, DC:
Department of Commerce.

van Gdderen, J. (1913), "Springvioed Beschouwingen Over Industridle Ontwikkeling en

Prijsbeweging,” De Nieuwe Tijd, 184(5&6), English trandaion by B. Verspagen in



UNU Wider paper 2-99 37

Freeman, Chris (ed), 1996, The Long Wave in the World Economy, Internationa Library of

Critica Writingsin Economics, Aldershot: Elgar.

ENDNOTES

! The standard errors are quite large in some of these studies. Also, when adjusted for the rapid
depreciation of computer hardware, the net returns are more modest.

2 These estimates are robust in that they hold up to different statistical modes (random versus
fixed effects), different Satistical testsfor errorsin varigbles, autocorrdaion and smultaneity,

and different definitions of the IT varidble.






TABLESAND FIGURES

Table 1. Production function estimates based on different modds

Random effects

Fixed effects modél

Long run effects

modd (total (within regressions) | (between
I egr essions) r egr essions)
Developed countries

bIT 0.036*** 0.032** 0.277***
(2.616) (2.549) (7.508)

bK 0.245*** 0.151*** 0.095
(4.856) (2.585) (1.566)

bL 0.687*** 0.678*** 0.637***
(12.086) (7.120) (18.031)

DF 176 154 18

R° 0.901 0.861 0.996

Developing countries

bIT -0.036** -0.024* 0.080
(-2.449) (-1.699) (0.670)

bK 0.498*** 0.529*** 0.412*
(10.244) (10.867) (2.184)

bL 0.368*** 0.541*** 0.344***
(5.149) (3.738) (3.277)

DF 106 92 10

R° 0.928 0.924 0.899

Y ear dummies areincluded in dl regressions except the between regressons. T-ddidicsarein
parentheses, and ***, ** and * indicate sgnificance at 1%, 5% and 10%, respectively.

Source: Dewan and Kraemer, 1998.




Table 2. Descriptive statistics of 43 countriesin the analysis

Indicator (in millions) Mean SD Median Min Max
GDP, 1995 in US$ $522,106 $1,243,636 $155,371 $12,366 $6,952,020
Population, 1995 87 220 21 3 1,200
Labor Force, 1995 43 118 9 1 709
IT investments, 1995in $11,058 $35,389 $1,927 $126 $224,298
US$millions

Percent IT investment of tota 7.5 4.6 5.6 16 194
investment

Percent IT investment of GDP, 15 8 15 4 3.2
1995

GDP growth, 1985-1995 (CAGR) 3.0 3.0 2.5 -39 10.1
Labor force growth, 1985-1995 15 12 13 -5 52
(CAGR)

IT invesment growth, 1985-1995 17.3 5.8 16.0 8.0 33.1
(CAGR)

Nor+IT investment growth, 1985- 8.2 7.3 9.0 -14.4 21.2
1995 (CAGR)

Productivity growth, 1985-1995 15 2.6 12 -39 8.3
(CAGR)




Table 3. Resultsof regression for extended analysis

(dependent variable is growth in GDP/ worker, 1985-1995).

| ndependent Coefficients t Significance
variable(s)

Constant -.0218 -1.667 104
GDP per capita, 1985 .00000006 .093 .926

L abor force growth .0032 1.111 273
Nort+1T/worker growth .256 5.595 .000

I T/worker growth .0942 1.706 .096

R° 497

N 43

Table 4. Results of regression for the growth theory approach

| ndependent Coefficients t Significance
variable(s)

Congtant -.0517 -3.128 .003
GDP per capita, 1985 -.00000001 -.002 .991
Labor force growth .00036 -.002 .896
Non-IT/GDP 290 5.180 .000
IT/GDP 436 634 530

R° 422

N 43

Table5. Computer industry growth rates, 1985-1995

Industry segment CAGR (%)
Hardware 11.0
Software 15.9
Services 20.9

Source: McKinsey & Co. 1996 Report on the Computer Industry




Figure1l. The Productivity Paradox of I T
(Annud Change in Office, Computing & Accounting Machinery Invesment and
Output per Worker for the U.S. over 1965-

1994)
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* OCAM isthe BEA's " Office, Computing & Accounting Machinery.”

Figure 2. Economic Returnsfrom I T Investments.
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Figure 3. Corrdation between IT investment growth and GDP growth, 1985-95
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Figure4. Partial regresson of growth in IT investment/worker and GDP/worker
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Figure5. Year-by-year returnsto I T capital: developed and developing Countries
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Figure6. Information ServicesasLink Between Production and Use
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Appendix table

Datatablefor Figure5. Year by Year Regressions using Seemingly Unrelated Regression

1985 1986 1987 1988 1989 1990 1991 1992 1993
Developed countries

O177%** [ 0.181%** | 0.188"** | 0.201*** | 0.212*** | 0.218"** | 0.232*** | 0.264*** | 0.287***
bir

(6523) | (6:839) | (7.181) | (7470) | (7.692) | (6.789) | (6.407) | (6.623) | (6.886)

0.222F** | 0.212** | 0.191*** | 0.185*** | 0.172*** | 0.145"* | 0.152** | 0.134** | 0.108*
bk

(4082) | (4098) | (3759) | (3571) | (3286) | (2599) | (2554) | (2222) | (1.841)

0.607*** | 0.617*** | 0.632*** | 0.629*** | 0.629"** | 0.638"* | 0.620** | 0.603"** | 0.596***
bL

(15.062) | (16219) | (17.104) | (16.855) | (16.952) | (16.717) | (15.806) | (15.623) | 16.683)
DF 162
R? 0.977

Developing countries

-0.006 -0.005 0.019 0.028 0.105*%* | 0.125*** | 0.133*** | 0.137*** | 0.165***
bir

(‘0.286) | (-:0.207) | (0.727) | (1331) | (5319) | (4998) | (4763) | (5.117) | (4.915)
bk 0.514**% | 0.524*** | 0.505*** | 0.484*** | 0.398"** | 0.368"** | 0.365*** | 0.371"** | 0.383***

(6477) | (6205 | (6.112) | (6.798) | (7125 | (5.701) | (5.155) | (5.315) | (5.402)

0.297*** [ 0.293*** | 0.300°** | 0.313"** | 0.351*** | 0.341*** | 0.324*** | 0.317"** | 0.303***
b,

(4546) | (4140) | (4317) | (4925) | (6655 | (5.606) | (4.869) | (4772) | (4.718)
DF %0
RZ 0.976

Note: t-gats in parentheses
Source: Dewan and Kraemer (forthcoming)






